Abstract-Attitude estimation is used to determine the spatial orientation of an object relative to a reference coordinate frame, or to provide a method for vector conversion between the reference coordinate frame and the target coordinate frame. In this paper, after the definitions of 4 kinds of attitude representations, we derive the conversion formulas between different attitude representations. Then, a complete derivation process of the attitude differential equations is provided. In the end, we describe the result of a typical experiment, which demonstrates the correctness of these conversion formulas. All these researches can help understand the meaning of the attitude accurately and master the attitude updating algorithm in different fields of applications.
INTRODUCTION
Attitude estimation is used to determine the spatial orientation of an object relative to a reference coordinate frame, or to provide a method for vector conversion between the reference coordinate frame and the target coordinate frame. It has been applicated in many areas such as robot control, navigation, and computer vision. Attitude can be expressed in four different forms: (1) Euler angles, (2) direction cosine matrix, (3) attitude rotation vector, and (4) attitude quaternion [1] . Each of these forms is briefly described below. Without loss of generality, we choose the navigation frame (for simplicity, denoted as n-frame) as the reference coordinate frame, and choose the body coordinate frame (denoted as bframe) as the target coordinate frame. The navigation frame is a local geographic frame which has its origin at the location of the navigation system, and axes aligned with the directions of north, east and the local vertical(down). The body frame is an orthogonal axis set which is aligned with the roll, pitch and yaw axes of the vehicle in which the navigation system is installed.
A. Euler Angles
The transformation from n-frame to b-frame can be carried out as 3 consecutive rotations about different axes: (1) rotate through angle ψ about n-frame z-axis; (2) 
B. Direction Cosine Matrix
The direction cosine matrix is a 3×3 matrix, the columns of which represent unit vectors in b-frame axes projected along the n-frame axes. Direction cosine matrix is written here in component form as follows: 
A vector defined in b-frame, r b , may be expressed in nframe by pre-multiplying the vector by the direction cosine matrix as follows:
C. Rotation Vector
The rotation vector, denoted here by the symbol u, defines an axis of rotation and magnitude for rotation about the axis. Euler's theorem tells us that the transformation from n-frame to b-frame can be effected by a single rotation about an angle vector through an angle equal to the vector magnitude. This vector is called rotation vector.
D. Attitude Quaternion
The attitude quaternion, denoted here by the symbol Q, is a 4-parameter representation of attitude. Quaternion can be expressed in different forms, we use the matrix form and the complex number form in this paper: Q = [q 0 , q 1 , q 2 , q 3 ] T = q 0 +iq 1 +jq 2 +kq 3 . The attitude quaternion is corresponding to the rotation vector:
Where u is the magnitude of rotation vector u. A vector defined in b-frame, r b , may be expressed in n-frame as r n using the quaternion directly. Treat r b and r n as zero-scalar quaternions, then we have:
Where Q* is the complex conjugate of Q, and the symbol  indicates quaternion multiplication [2] . [3] ( cos sin (sin sin cos cos sin sin cos ) cos sin cos ) (cos cos ( sin cos cos sin sin sin sin ) cos sin sin ) sin sin cos cos cos
II. CONVERSION BETWEEN DIFFERENT ATTITUDE FORMS

A. Euler Angles to Direction Cosine Matrix
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B. Euler Angles to Attitude Quaternion[3]
(7)
D. Direction Cosine Matrix to Rotation Vector
Rotation vector u can rotate n-frame to b-frame. Because the rotation is always around u, it's easy to know that the coordinates of u in n-frame and b-frame are the same. That is to say: u 
E. Direction Cosine Matrix to Attitude Quaternion[3]
For small angular displacements, the attitude quaternion may be derived using the following relationships:
A more comprehensive algorithm for the extraction of attitude quaternion parameters from the direction cosine matrix is described by Shepperd [5] .
F. Rotation Vector to Direction Cosine Matrix[2]
H. Attitude Quaternion to Direction Cosine Matrix [2] 
n b
I. Attitude Quaternion to Rotation Vector
It can be known from (13) 
(18) may be solved in a strapdown system to update the Euler rotations of the body with respect to the navigation frame. However, their use is limited since the solution of the roll angle and yaw angle become indeterminate when θ=±(π/2) [3] .
B. Direction Cosine Matrix Differential Equation
Suppose R b is a vector that is attached to b-frame, so
Project (20) into n-frame, we have
Comparing (21) with (22), we have
Because R b b can be arbitrarily selected, we have
C. Attitude Quaternion Differential Equation
Suppose R b is a vector that is attached to b-frame. According to (21), we have
Additionally, we have 0,1, 0, 0 0 0, 0,1, 0 * 0, 0, 0,1
Differentiate (26) 
and 
